Abstract-Based on coupled-mode theory for LP modes, spun 4-lobe stress region fibers are theoretically analyzed. It is indicated for the first time that there are no any birefringence in spun 4-lobe stress region fibers if four lobes are symmetrically placed around the fiber axis. The same result is valid for spun fibers with 8-lobe and 16-lobe stress region, both have zero birefringence.
The effort to create circular high-birefringence (hi-bi) fibers was never discontinued. Early in 1986, a spun 4-lobe core fiber was proposed by Fujii and Hussey as one of candidates of circular hi-bi fibers [1] . Since the suggested spun fiber is drawn in a viscous state at a high fiber-formation temperature and is not able to yield shear stress, no torsional circular birefringence occurs. They only intended to utilize index distribution to achieve circular high birefringence in spun fibers. Bassett pointed out that high birefringence could not acquire in such kinds of fibers as they expected, he suggested spin 4-lobe stress region to achieve circular hi-bi fibers [2] . However, Bassett has only given a range (from zero to 4π/spinning period) of circular birefringence for this spun fiber, which might mislead people to believe this spun fiber to be a nice candidate. According to authors' knowledge, so for the unclear conclusion for spun 4-lobe stress region fibers has not been changed.
In this paper, based on coupled-mode theory [3, 4] , a rotated 4-lobe stress region fiber is analyzed and a conclusion of not any birefringence is obtained.
THEORETICAL ANALYSIS
The cross-section of a 4-lobe stress region fiber is shown in Fig. 1(a) , there are four stress regions placed symmetrically around the fiber axis. Similar to a 2-lobe stress region fiber (see Fig. 1(b) ) known as linear birefringence fiber, the four stress regions in the fiber cladding result in an anisotropic index change in the in the core region due to the elasto-optic effect. The argument makes use of two approximations. One is the weak guidance approximation, which is accurate for single-mode fibers and can be expressed as:
Where ε r1 and ε r2 are relative dialectical constant of fiber core and cladding, respectively. The other is the approximation of small changes of dielectic constants of the fiber core, which are induced by the stress, thus we have
The conditions (1) and (2) are valid for conventional P M fibers, i.e., dual-lobe stress region fibers. Before we use coupled-mode theory, we have to express the anisotropic dielectric tensor of the additional stress-induced dielectric constant at the core region of an unspun 4-lobe stress region fiber. If the lobes are identical and are placed symmetrically to x-and y-axes as shown in Fig. 1 , the directions of maximum local polarizability and so of a principal axis of a local dielectric tensor coincide in x-and y-axes.
Since the x-or y-polarized LP mode, LP x 01 or LP y 01 , has its electric vector in x-or y-direction only, respectively, it is adequate to describe the medium in the core region by two corresponding diagonal elements of the dielectric tensor as follows:
where ∆ ↔ ε is the change of the relative dielectric constant induced by stress, ∆ε x (r, ϕ) and ∆ε y (r, ϕ) are the corresponding changes seen by x-and y-polarized light, respectively.
When the principal axes of the 4-lobe stress region fiber do not coincide in x-and y-axes and there exists a rotation angle θ between them as shown in Fig. 2 , then the dielectric tensor will be as follows: Based on coupled-mode theory for LP modes, coupled-mode equations for the ideal LP x 01 and LP y 01 propagating in a 4-lobe stress region fiber with rotation angle θ (as shown in Fig. 2) can be obtained by inserting (4) in to (1)- (5) of Reference [3] :
where A x and A y are the amplitudes of the LP x 01 and LP y 01 modes, respectively; β denotes the phase constant of the LP 01 mode;
e 01 is the normalized scalar mode function of LP 01 mode. It is easy to found from (5) that the coupling coefficient between the ideal LP x 01 and LP y 01 modes is equal to C sin 2θ. Then, let us evaluate C from (6) for rotated 4-lobe stress region fibers. Due to symmetry of this fiber, the distribution function of the dielectric constant is converted into itself by rotation through 90 • , thus, ∆ε
Using (8) in (6) 
where ∆e 1 and ∆e 2 are the modifying fields resulted from appearance of ∆ε x (r, ϕ) and ∆ε y (r, ϕ), respectively. From (8) we have following relations between ∆e 1 and ∆e 2 :
Starting from References [3, 4] , we also have coupled-mode equations (5) for the eigen-modes of the unspun fiber ( Fig. 1) propagating in the same fiber except a rotation angle θ (see Fig. 2 ). Using (14) of Reference [4] , we have the coupling coefficient C equal to
Inserting (10) along with (8) and (11) into (12), we also have C = 0 or no coupling. Thus, we have reconfirmed that under condition of (1) and (2) spun 4-lobe stress region fibers have not any birefringence.
The 2-lobe stress region fibers (P M fibers) perform entirely differently [5] when rotating, the coupling between two eigen-modes occurs as well as linear birefringence, however, in spun 4-lobe stress region fibers, coupling caused by one pair of lobes is compensated by the other pair of lobes, consequently, no coupling can be found.
CONCLUSION
Coupled-mode equations for a pair of ideal modes propagating in a 4-lobe stress region fiber with rotation angle are formulated, no coupling between the ideal modes means no birefringence when spinning the fiber. The above conclusion is also valid for spun 8-lobe and 16-lobe stress region fibers.
